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The proliferative activities of germinative cells of the 
wool follicles and the epidermis have been determined 
in sheep treated with epidermal growth factor (EGF). 
Infusions of 0.17-0.72 mg EGF/kg metabolic body 
weight (MBW) for 28 h resulted in marked declines in 
the mitotic indices (MI) of the follicle bulb cell popula-
tions 24 h after the beginning of treatment, the lowest 
values being recorded at 48 h. Follicular activity sub-
sequently recovered and the MI returned to preinfusion 
levels after 3-8 days. The inhibition of fiber production 
resulting from the decline in bulb cell division caused 
the development of a break in the fleece. By contrast, 
the MI of the peripheral cells of the sebaceous gland 
acini and the basal cells of the epidermis increased after 
EGF treatment, reaching peaks 48-72 h after the begin-
ning of infusion. The degree to which all of these re-
sponses were observed appeared to be approximately 
correlated with the amount of EGF administered. 
Treatment of sheep with epidermal growth factor (EGF) 
produces a variety of transient behavioral and physiologic 
changes. Animals become anorexic and reductions of gastrin 
secretion and gut motility are accompanied by rises in abomasal 
pH [1]. Blood levels of cortisol in wethers increase [2] and in 
pregnant ewes growth hormone and placental lactogen increase 
but thyroxine concentrations decline [3]. An erythema develops 
around the eyes and muzzle [1] which is presumed to be 
associated with an increased blood flow to t he skin (Moore, 
Panaretto , and Hales, unpublished observations) and some 
rupturing of blood vessels in the dermis [4]. Wool growth in 
Merino sheep is also inhibited by EGF. We have demonstrated 
that s.c. or i.v. infusions of 3-5 mg of the protein resulted, in 
many cases, in shedding of the entire fleece [1-3,5- 7]. The 
effect resulted from a transient regression of the wool follicles 
from the actively growing phase [4] . Animals that received 1- 3 
mg EGF usually d id not shed, but subsequently, the fibers were 
found to bear a zone of weakness 3-4 weeks later. As part of a 
series of investigations of t he actions of EGF in skin, the 
proliferative activities of germinative cell populations in the 
epidermis and the wool follicles have been quantified in sheep 
treated with this protein . Here we show that whereas the 
mitotic indices (MI) of epidermal and sebaceous gland cells 
increase fo llowing EGF infusion, those of the follicle bulb cells 
decline. The temporal relationship between these events sug-
gests that a homeostatic mechanism is involved in the regula-
tion of cell proliferation in the skin. 
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MATERIALS AND METHODS 
Sheep Maintenance 
Castrated male Merino sheep (wethers) were housed individually in 
cages in an ai r-conditioned room. Animals were offered a ration of 600 
g of a pelleted mixture of 60% chopped lucerne hay and 40% oat grain 
as one meal daily. Drinking water was provided ad lib. 
Preparation of EGF 
EGF was prepared from the submaxillary glands of adult male mice 
[8]. Briefly, an acidified extract was fractionated on a Biage! PlO 
column and the EGF -containing fraction was chromatographed on a 
DEAE cellulose column. The major peak was concentrated, dialyzed, 
and lyophilized. The identity of this peak (EGF) was established by 
electrophoretic analysis on cellulose acetate gels. 
Biologic activity of each EGF preparation was assessed from a 
bioassay of its effectiveness in causing precocious incisor eruption and 
eyelid opening in mice after birth [9,10]. 
Administration. of EGF or Saline 
Twelve wethers were prepared for infusion experiments by inserting 
polyethylene catheters s.c. on the midside region of the body. The day 
on which infusion was begun was designated as day 0. The required 
amount of EGF (Table I) was dissolved in 0.9% sterile saline and 
infused for 27-28 h using a Harvard pump delivering a volume of 0.03 
ml/min. Since the weights ofthe sheep ranged from 39-49 kg, metabolic 
body weight (kg MBW), i.e., body weight raised to the 3,<. power, was 
used in t he calculation of EGF dosages (Table 1) [11] . Four control 
animals were infused with saline alone. 
Depilation Force Measurements 
The strength of attachment of wool to the skin was measured by 
plucking wool staples from the midback region of treated and control 
sheep using an Accuforce Digital Gauge (Arnetek, Pennsylvania). The 
thickness of each plucked staple was measured with calipers and the 
results expressed in Newtons/kTex (N/kTex), that is, as a force (New-
tons) per unit of staple linear density (kTex), where 1 kTex = cross-
sectional area of staple (mm2) X wool specific gravity (1.3) [12]. 
Depilation force measurements for each animal were obtained from 5 
plucked staples each day. 
Preparation of Skin Samples and Measurement of Cell Parameters 
Skin samples (1 em diameter) were taken from the lateral trunk 
region of each sheep prior to infusion (day 0 sample) and subsequently 
on days 1, 2, 3, 4, 6, 8, 14, and 21. The samples were fixed for 24 h in 
Serra's solution and processed for embedding in paraffin wax using 
conventional procedures. Serial sections, 8 11m thick, were cut at right 
angles to the skin surface as near as possible to the long axis of the 
follicles. A total of 30 sections from each sample were mounted on glass 
slides, deparaffinized and stained with hematoxylin, eosin, and picric 
acid. 
The MI (numbers of mitoses/100 cells) of the basal cells of the 
epidermis and t he peripheral cells of the sebaceous gland acini were 
obtained from counts of 200 basal cells and 100 peripheral cells in every 
fifth section. Thus, for each skin sample, a total of 1200 basal cells and 
600 peripheral cells were counted. 
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The MI of follicle bulb cells was obtained from a total of 18 sectioned 
follicles per skin sample. The bulb included that part of the follicle 
extending from the base of the wool root to the distal tip of the papilla 
[13]. All of the dividing and interphase cells of epithelial origin were 
counted in median sections in which the plane of the section passed 
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TABLE I. Effect of EGF or saline on production of breaks in the fleeces of Merino wethers 
Sheep Treatment 
no. 
Body wt Tot.al EGF 
(kg) dose (mg) 
1946 EGF 41.0 11.7 
2259 EGF 49.0 5.8 
2558 EGF 47.7 5.5 
2559 EGF 40.0 4.8 
2564 EGF 42.0 5.0 
2265 EGF 45.4 2.9 
2550 EGF 38.8 2.6 
2551 EGF 40.6 2.7 
2267 Saline 40.1 0 
2248 Saline 48.0 0 
1263 Saline 41.0 0 
2256 Saline 38.6 0 
lnf 
H 
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FIG 1. Depilation forces in N/ kTex (mean ± SEM) for wool staples 
from wethers treated with EGF or saline. Open circles, control sheep 
nos. 2267, 2248, 1263, 2256; closed circles sheep no. 1946 infused with 
0.72 mg EGF/kg MBW; closed squares, sheep nos. 2259, 2558, 2559, 
2564 infused with 0.30- 0.31 mg EGF/kg MBW; closed triangles, sheep 
nos. 2265, 2550, 2551 infused with 0.17 mg EGF/kg MBW. Values 
depicted were obtained by pooling data from all sheep in each treatment 
group each day. Infusion period (In[) : day 0- day 1. 
through the bulb axis. Cells of the connective tissue sheath surrounding 
the follicle and those of the dermal papilla were excluded. 
Statistical Analysis of Data 
The analyses tested the null hypothesis that there were no differ-
ences between the effects of the different doses of EGF on the mitotic 
indices and that any effect of EGF was constant over the period of the 
experiment. 
The MI of the basal cells of the epidermis and the peripheral cells 
of the sebaceous gland acini were extremely small except on days 2 and 
3 for sheep treated with EGF. Hence, only data on day 2 for the 
peripheral cells and the sum of days 2 and 3 for basal cells were 
analyzed using a generalized linear model with binomial errors [14]. 
The means of the MI for the 18 sections of follicle bulbs per skin 
sample for days 0-6 were used in a multivariate profile analysis, 
assuming normal errors [15]. This showed a significant interaction, 
i.e., the effects of the different doses changed between days 0 and 6. 
For the sheep treated with 0.30 mg EGF/kg MBW the hypothesis that 
there was no difference between the preinfusion value of Ml and the 
value on each of days 1, 2, 3, 4, and 6 was tested against a one-sided 
alternative using paired comparisons. A similar method was used for 
the sheep treated with 0.17 mg EGF/kg MBW. 
RESULTS 
Measurements of depilation forces and MI were obtained 
from animals that had been treated with 3 dose levels of EGF 
or saline. Infusion of ;;.0.30 mg EGF /kg MBW resulted in the 
shedding of the fleece 1- 2 weeks later (Table 1) . The fleeces 
were retained in animals treated with 0.17 mg EGF/kg MBW 
but developed a zone of weakness. The effects ofEGF treatment 
were reflected in changes in the wool staple depilation forces 
(Fig 1). Prior to infusion , the depilation forces ranged from 8-
12 N/kTex. These forces declined 24 h after the beginning of 
EGF dose Duration of Resultant effect 
mg/ kg MBW infusion (h) on neece 
0.72 28 Shed 
0.31 28 Shed 
0.30 28.25 Shed 
0.30 28.25 Shed 
0.30 28.25 Shed 
0.17 28 Weakened zone 
0.17 27.25 Weakened zone 
0.17 27.25 Weakened zone 
0 28 No effect 
0 28 No effect 
0 28 No effect 
0 28 No effect 
OAYS 
FIG 2. Observed percentages of mitoses (mean± SEM) among basal 
cells of the epidermis in skin of saline- and EGF-infused wethers 
(symbols as for Fig 1). 
7A 
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FIG 3. Observed percentages of mitoses (mean ± SEM) among 
peripheral cells of the sebaceous gland acini in skin of saline- and EGF-
infused wethers (symbols as for Fig 1). 
infusion and in animals that received ;;.0.30 mg EGF/kg MBW 
were between 0- 1 N/kTex on day 8. The mean depilation force 
for wool staples of sheep treated with 0.17 mg EGF/kg MBW 
fell to 2 N/kTex on day 8 and did not decline thereafter. 
Although values varied from day to day, there were no real 
changes in depilation forces in sheep infused with saline alone. 
Epidermis 
The proliferative activity of the germinative layer of the 
epidermis was markedly influenced by EGF treatment. Prior 
to infusion the MI of the basal cells (day 0 sample) lay between 
0.2-0.4% (Fig 2). No change was observed in mean values near 
the end of infusion on day 1. However, on day 2 an approxi-
mately 10-fold increase in MI was observed in sheep treated 
with ;;.0.30 mg EGF/kg MBW. The response was less marked 
on day 3 but values were still well above preinfusion and control 
levels. A similar but smaller increase was observed in sheep 
treated with 0.17 mg/kg MBW. A small change was recorded 
on day 2 followed by a peak in values on day 3. The analysis 
using the generalized linear model showed that in sheep treated 
with 0.17 mg/kg MBW, MI over days 2 and 3 was greater than 
that in control sheep (p < 0.05) and less than that in sheep 
treated with 0.30 mg EGF/kg MBW (p < 0.05) . By day 4 the 
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F IG 4. Observed percentages of mitoses (mean ± SEM) among bulb 
cells of the wool follicles in skin of saline- and EGF-infused wethers 
(symbols as for Fig 1). 
MI of the basal cells of most of the EGF -treated sheep had 
declined to control values. These were, in general, maintained 
for the remainder of the sampling period. 
Wool Follicles 
The cells at t he peripheries of the acini of the sebaceous 
glands responded to EGF in a somewhat similar manner to 
that observed in t he basal cells of the ep idermis (Fig 3). The 
peak levels in Ml on day 2 at a ll EGF dose levels were greater 
than for t he control sheep (p < 0.05). The extent of the response 
was quite marked; values ranged from 0.3- 0.7% prior to infu-
sion to 3.6- 7.4% on day 2. The maximal response was recorded 
in sheep that received 0.30 mg EGF /kg MBW but was not 
significantly higher than t hat in sheep with 0.17 mg EGF /kg 
MBW (p = 0.07). Smaller increases in MI appeared subse-
quently on day 14, and less consistently on day 21. 
In cont rast to the proliferation observed in the cell popula-
tions in t he ep idermis and sebaceous glands, numbers of divid-
ing cells in t he wool follicle bulbs rapidly declined after EGF 
infusion. Prior to treatment, the MI of the matrix cells ranged 
between 3-5% (Fig 4). Immediately following infusion, the Ml 
declined to almost zero on day 2 in animals that received ;;,.Q.30 
mg EGF /kg MBW. Follicles of animals that received 0.17 mg 
EGF/kg MBW were less affected. On day 2 the Ml fell to 
approximately 50% of the mean preinfusion value. Thereafter, 
the MI of the bulb region increased in all treated animals, 
preinfusion levels of activity being restored by day 3 in those 
that received the lowest dose level. Recovery occurred more 
s lowly in animals that received ""0.30 mg EGF/kg MBW and 
was accomplished 8 days from the beginning of infusion. The 
mitotic activity of the bulb matrix of control sheep was not 
significantly affected by saline infusion. 
DISCUSSION 
Twenty years have passed s ince EGF was named, based on 
observations of the t hickening and kerat inization of the back 
and eyelid epidermides of suckling mice and rats in response 
to injections of a purified salivary gland extract [16]. Subse-
quent studies [17 ,18] have contributed to t he assumption that 
EGF is a potent promoter of growth and differentiation of skin 
in vivo. However, all of the ev idence has not been uniformly 
consistent with this view. For example, our observations of 
back skin in suckling mice treated daily with EGF indicated 
t hat the increases in mitotic activity and keratinization of the 
epidermal cells were apparent rather than real and resulted 
from the maintenance of cellular activities which pertained to 
the sk in at birth (19]. In mature mice and rats, EGF induced a 
thickening of plantar and tail epidermides, but back skin was 
unaffected [16J. 
Reports of the mitogenic action of EGF on fetal or adult skin 
in vitro are also cont1 icting. Cohen [20] observed a marked 
thickening and increased keratinization of chick embryo back 
and shank skin or isolated epidermis cultured in t he presence 
of EGF (see also [21]). Autoradiography showed that this was 
due, in part, to an increase in the number of basal epidermal 
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cells incorporating r1H]thymidine. The conclusion that EGF 
stimulated cell proliferation was not confirmed subsequently. 
Hoober and Cohen [22] found that the DNA content of exper-
imental and control epidermis did not alter during 72-h culture 
and that the incorporation of [14C]orotic acid into DNA was 
greater in control tissues. More recently, Bertsch and Marks 
[23] showed that changes in [aH]thymidine incorporation in-
duced by EGF in chick embryo epidermis were influenced by 
the presence or absence of serum. In skin of mature animals, 
EGF did not alter [3H]thymidine incorporation in vitro in the 
rat (24] or chick epidermis (23], and inhibited mitotic activity 
in the mouse ear [17]. 
In the present study, the transient but pronounced increase 
in MI of the basal cells of the back epidermis of adult sheep 
after EGF infusion is, to our knowledge, the first and only 
unequivocal demonstration of a proliferative response by this 
tissue to EGF in vivo. The increases in MI of the epidermis 
and sebaceous gland cells observed on days 2-3 were followed 
by a smaller response in the sebaceous glands on day 14. 
Previously we reported that skin slices containing the epidermis 
and sebaceous glands from EGF-treated sheep showed two 
peaks of label incorporation following incubation in the pres-
ence of ['1H]thymidine in vitro [2]. The first occurred at the 
end of the infusion period (day 1) followed by a more protracted 
response 1- 2 weeks later. Together, these results suggest that 
initially, EGF stimulated the proliferative cell populations to 
cycle, but eventually this was interrupted and many cells that 
may have completed the S phase did not pass the G2 compart-
ment [19,25]. 
In marked contrast to the changes observed in the epidermis 
and sebaceous glands, the wool follicles rapidly regressed to a 
catagen-like stage following EGF treatment. This was accom-
panied by progressive decline in mitotic activity in the bulb 
region, which coincided with a reduction in (3H]thymidine 
incorporation by the dermis [2] . At all dose levels examined, 
the mean MI of the follicle bulb cell population had fallen to 
its lowest point by day 2 and had begun to recover on the 
following day. The mechanism by which EGF induces an inhi-
bition of cell division within the wool follicle bulb remains 
unresolved, although there are a number of ways this could 
occur. 
Perhaps the most obvious possibility is that EGF acted 
directly on the follicles by inhibiting the proliferative functions 
of the matrix cells. EGF binding sites have been localized 
around the follicle bulbs of rat skin (26] and the protein has 
been demonstrated to inhibit cell division in skin in vitro (see 
above). 
Another consideration is that the epidermis produced a fac-
tor, under the influence of EGF, which induced regression of 
the wool follicles [27]. 
Nevertheless, neither of these interpretations can fully ac-
count for the paradoxical stimulation of cell division in seba-
ceous gland components of the follicles while in deeper regions 
of the dermis, proliferation of the bulb cells was inhibited. 
A final possibility is that, as a consequence ofEGF treatment, 
there was a disturbance of a homeostatic mechanism in the 
skin which governed the activities of cells in the epidermis and 
dermis. There is a considerable body of evidence demonstrating 
the importance of interactions between these tissues during the 
development of follicles from the epidermis during fetal life 
[28] . Gospodarowicz eta! [29] showed that corneal cells would 
respond to EGF only if the integrity of the epithelium and 
underlying stroma was retained. This possibility assumes s ig-
nificance here since the time at which the mitotic activity of 
the bulb cells was lowest approximated that when the activities 
in basal cells of the epidermis and sebaceous glands were 
highest. In a previous study [19] we observed that following 
daily injections of EGF into mice after birth, the levels of 
epidermal cell proliferation did not decline in the usual way , 
but were maintained at birth values for 8 days. Hair growth 
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and follicle growth were also inhibited in t hese animals, the 
apposit ion of these two events providing support to a suggestion 
by Chase et a! [30] t hat the follicl es and epidermis might be 
competing for essent ial nut rients. The temporal relationship 
between t he opposing effects of EGF on t he mitotic activities 
of the epidermal and sebaceous gland cells on the one hand and 
of the follicle bulb ce ll s on the other, indicate that a simila r 
mechanism might be operating in sheep skin . 
P . Va n Dooren and M. O'Grady prepared the EGF used in t hese 
experiments. R. Joseph assisted in t he compilation of data. 
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